African patients with KPD with an average 10.5-month insulin-free near-normoglycemic remission period (mean A1C 6.2%) were compared with 17 control subjects matched for age, sex, BMI, and geographical origin. Insulin stimulation of glucose disposal, and insulin suppression of endogenous glucose production (EGP) and nonesterified fatty acids (NEFAs), was studied using a 200-min two-step (10 mU ⅐ m Ϫ2 body surface ⅐ min Ϫ1 and 80 mU ⅐ m Ϫ2 ⅐ min Ϫ1 insulin infusion rates) euglycemic clamp with [6,6-2 H 2 ]glucose as the tracer. Early-phase insulin secretion was determined during an oral glucose tolerance test.
RESULTS -The total glucose disposal was reduced in patients compared with control subjects (7.5 Ϯ 0.8 [mean Ϯ SE] vs. 10.5 Ϯ 0.9 mg ⅐ kg Ϫ1 ⅐ min Ϫ1 ; P ϭ 0.018). EGP rate was higher in patients than control subjects at baseline (4.0 Ϯ 0.3 vs. 3.0 Ϯ 0.1 mg ⅐ kg Ϫ1 ⅐ min Ϫ1 ; P ϭ 0.001) and after 200-min insulin infusion (10 mU ⅐ m Ϫ2 ⅐ min Ϫ1 : 1.6 Ϯ 0.2 vs. 0.6 Ϯ 0.1, P ϭ 0.004; 80 mU ⅐ m Ϫ2 ⅐ min Ϫ1 : 0.3 Ϯ 0.1 vs. 0 mg ⅐ kg Ϫ1 ⅐ min Ϫ1 , P ϭ 0.007). Basal plasma NEFA concentrations were also higher in patients (1,936.7 Ϯ 161.4 vs. 1,230.0 Ϯ 174.1 mol/l; P ϭ 0.002) and remained higher after 100-min 10 mU ⅐ m Ϫ2 ⅐ min Ϫ1 insulin infusion (706.6 Ϯ 96.5 vs. 381.6 Ϯ 55.9 mol/l; P ϭ 0.015).
CONCLUSIONS -The triad hepatic, adipose tissue, and skeletal muscle insulin resistance is observed in patients with KPD during near-normoglycemic remission, suggesting that KPD is a form of type 2 diabetes.
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I mpairment of insulin sensitivity is considered the background defect that interplays with the add-on progressive ␤-cell dysfunction to underlie the development of type 2 diabetes (1, 2 ). An atypical form of diabetes, ketosis-prone diabetes (KPD), has been described over the past 2 decades and may represent a significant proportion of diabetes cases in people of sub-Saharan African origin (3, 4) . Patients with KPD present at onset with acute hyperglycemia, usually Ͼ30 mmol/l, and ketosis or ketoacidosis as type 1 diabetes but do not have autoimmune markers against the islet ␤-cell (3, (5) (6) (7) . The correction of those insulinrequiring acute-phase disorders is followed in Ͼ50% of cases by an insulin-free near-normoglycemic remission weeks to months later (8 -10) , thus resembling the course of type 2 diabetes. The pathogenesis and, consequently, the classification of KPD are still debated. It was classified under idiopathic type 1 diabetes or type 1B diabetes (11) . However, growing evidence based on clinical and metabolic studies suggests its high phenotypical likeness to type 2 diabetes, and "ketosisprone type 2 diabetes" has been proposed as a provisional name and is being used elsewhere (4, 8, 12) . Metabolic studies have evidenced insulin secretion deficiency as the major determinant of the ketotic onset (8 -10) . This deficit is marked by a loss of acute-phase insulin secretion in response to intravenous glucose (10) or a decrease in C-peptide response to glucagon (9, 10) . The subsequent remission process is due to a restoration, at least partial, of the ␤-cell insulin secretory capacity after achievement of good metabolic control (8, 10) . Insulin action was assessed in three reports, but only toward glucose metabolism, and was found to be normal or decreased while patients were in good metabolic control (6, 8, 10) . Moreover, most studies on KPD have been reported in African-Americans who are more overweight than native Africans and may be metabolically different from them, as suggested earlier (13) .
In this study, we aimed at characterizing all aspects of insulin action in Africans with KPD when in the nearnormoglycemic state without insulin treatment compared with control subjects of the same geographic origin.
of Saint-Louis University Hospital, Paris, France. We studied 15 subjects of subSaharan African origin with KPD who were in insulin-free remission, along with 17 healthy control subjects of the same geographic origin, with normal glucose tolerance. All participants were from West and Central Africa; they were born in Africa with no other racial antecedent in their ancestry and had migrated to France at adult age. KPD was defined as previously described (8) . All patients had been diagnosed, had received insulin treatment at diagnosis, and were followed in the Department of Diabetes and Endocrinology of our hospital. Insulin-free remission was defined as maintenance of an A1C level Յ7.0% for at least 3 months after the withdrawal of insulin treatment, which was initiated at onset or relapse. Healthy control subjects were recruited by advertisement; they were matched to patients for age, sex, and BMI and were free of any family history of type 2 diabetes among their first-degree relatives. The age at inclusion averaged 44 years in each group. Diabetes was of short duration (6 -72 months, mean 25.2), and patients had been in insulin-free remission for 3-45 months (mean 10.5). As antidiabetic treatment, most patients were on metformin alone (n ϭ 8) or combined to a sulfonylurea (n ϭ 2). Two patients were on diet alone, one on a sulfonylurea alone, one on a glinide, and one on acarbose. Four patients had presented with diabetes ketoacidosis (at least 2ϩ ketonuria and plasma bicarbonate Ͻ15 mmol/l and/or arterial pH Ͻ7.30), whereas the others had ketosis (at least 2ϩ ketonuria).
Participants underwent a screening, and those included had normal liver, cardiovascular, pulmonary, and kidney function assessed by medical history, physical examination, electrocardiography, and routine biochemical and hematological tests, as well as negative hepatitis B and C and human immunodeficiency viruses' serological tests. The A1C level was also confirmed in patients during that visit. Patients on oral antidiabetic drugs were asked to stop them at least 5 days before the procedures, and no healthy control subject was taking a drug known to affect glucose or lipid homeostasis. Fasting blood glucose of all patients remained below 8.2 mmol/l. The study was approved by the ethics committee of Paris Saint-Louis, and each participant gave a written informed consent to participate.
Anthropometric measurements and dual-energy X-ray absorptiometry In all participants, height (to the nearest 0.5 cm) was measured using a wall-stuck stadiometer, and weight was measured to the nearest 0.1 kg (SECA scale, Hamburg, Germany). The BMI was calculated as the weight (in kilograms) divided by the square of the height (in meters). The waist circumference (to the nearest 1 cm) was measured at the midway between the lower costal margin and the iliac crest, while the person was in the upright position, using a nonstretchable tape. Percent fat, fat mass, and fat-free mass were measured by dual-energy X-ray absorptiometry using an absorptiometer (Hologic QDR-1000/W; Wilmington, MA). The anthropometric characteristics and body mass distribution were comparable between the two groups.
Metabolic assessments
Oral glucose tolerance test. To confirm normal glucose tolerance in control subjects and to estimate the ␤-cell function in all participants, an oral glucose tolerance test was performed on the screening visit after a 12-h overnight fast. Blood samples were collected before (t0) and 30 (t30) and 120 min (t120) after a 75-g oral glucose load, for determination of plasma glucose and insulin concentrations. The glucose tolerance status was classified according to the current American Diabetes Association criteria (1). Euglycemic clamp. A two-step euglycemic-hyperinsulinemic clamp was performed within the week after the screening visit, after a 12-h in-hospital overnight fast. It consisted of a first step (low-dose insulin infusion) at 10 mU/m 2 body surface per min for 100 min to measure the effects of insulin on plasma nonesterified fatty acids (NEFAs). This was followed by a primed 100-min step (high-dose insulin infusion) at 80 mU/m 2 per min insulin infusion to evaluate the effects of insulin on glucose disposal. The endogenous glucose production was also measured during the whole procedure. Fasting (basal) blood samples were collected at Ϫ70 and Ϫ60 min before the starting of the clamp. At Ϫ60 min, a priming bolus of 3 mg/kg D-[6,6-2 H 2 ]glucose (deuterated glucose) (96 molar percent excess) (Assistance Publique-Hô pitaux de Paris, Paris, France) was injected, followed by a continuous infusion at 0.05 mg ⅐ kg Ϫ1 ⅐ min Ϫ1 for 260 min. Continuous insulin infusion was then started at t0, and glucose concentration was measured every 5 min during the whole procedure. Blood glucose level was clamped at 5.5 mmol/l using a variable infusion of 20% glucose, based on the negative feedback principle (14) . Arterialized blood samples were drawn at baseline for the measurement of basal [6,6- 2 H 2 ]glucose enrichment and every 10 min during the last 20 min of each step (80th, 90th, and 100th min and 180th, 190th, and 200th min) for the measurement of plasma insulin, NEFA, and [6, H 2 ]glucose enrichment.
Analytical techniques
All assays were run in duplicate. Plasma glucose was measured by the hexokinase method (Roche Diagnostics, Mannheim, Germany). The high-performance liquid chromatography method was used to measure A1C.
Plasma insulin was measured using immuno-radiometric assays (BI-INSULIN IRMA; Cis Bio-International, Gif-Sur-Yvette, France) with a detection limit of 0.2 U/ml and an intra-and interassay coefficient of variation (CV) Ͻ9.5%.
Plasma NEFA concentrations were determined using the colorimetric method (Randox Laboratories, Antrim, U.K.).
Plasma [ 2 H 2 ]glucose enrichment was measured by selected ion monitoring electron impact gas chromatographymass spectrometry (5971A; HewlettPackard, Palo Alto, CA) as previously described (15) . All other biochemical tests were done using routine laboratory methods.
Calculations
Basal concentration of each biochemical parameter was calculated as the mean of two values obtained from blood samples collected 10 min apart, and the steadystate concentrations were the average of the three values measured 10 min apart during the last 20 min of each step.
For endogenous glucose production (EGP), after an overnight fast, steady-state conditions for the deuterated glucose prevailed, and the basal EGP (bEGP) equaled the rate of glucose appearance (R a ). It was therefore calculated as the deuterated glucose infusion rate (mg ⅐ kg Ϫ1 ⅐ min Ϫ1 ) divided by the plasma enrichment of [6,6-2 H 2 ]glucose. During the two steps of the euglycemic clamp, due to the nonsteady-state conditions, the Steele's equation was used to estimate the R a (16) . The residual EGP at the last 20 min of the first (residual EGP 1 [rEGP 1 ]) and second (re-sidual EGP 2 [rEGP 2 ]) steps of the glucose clamp were therefore obtained by subtracting the unlabeled glucose infusion rate from the total R a at each step of the clamp. Negative values of EGP, observed only at the high-infusion step, were considered as nil EGP. The product EGP ϫ plasma insulin at basal and at the end of each step was used as the hepatic insulin resistance index (17) .
The insulin-stimulated glucose disposal rate (M) was calculated from the glucose infusion rate during the last 20 min of the second step of the glucose clamp after accounting for interindividual differences in glucose space (14) and was expressed in milligram per kilogram of body fat-free mass per minute. Total glucose disposal (TGD) rate was obtained by adding rEGP 2 to M.
The insulinogenic index (⌬insulin 0-30 / ⌬glucose 0-30 ) was used to estimate the early insulin secretion during the oral glucose tolerance test and the product of the TGD and the insulinogenic index as a measure of ␤-cell function.
The homeostasis model assessmentinsulin resistance (HOMA-IR) index was calculated as fasting glucose (mmol/l) ϫ fasting insulin (U/ml)/22.5.
At baseline and at the end of each clamp step, we used the product mean NEFA concentration ϫ mean plasma insulin as a surrogate of the adipose insulin resistance (that is, the resistance to NEFA suppression by insulin).
Statistical analysis
Results are represented as means Ϯ SE and percentage, unless stated otherwise. Statistical analysis was performed using SPSS software version 12.0 (SPSS, Chicago, IL). We used the Fisher's exact test to compare categorical variables and the nonparametric Mann-Whitney U test for quantitative variables. The level of significance was set at P Ͻ 0.05.
RESULTS
Characteristics of the participants and biochemical and metabolic parameters The age at inclusion and BMI were comparable between the two groups ( Table  1) . Fasting plasma glucose level was Ͻ7.0 mmol/l in 87% (n ϭ 13) of patients. During the oral glucose tolerance test, two patients had the profile of impaired glucose tolerance and others fulfilled the criteria of diabetes. As shown in Table 1 , there was no significant difference between patients with KPD and controls with respect to plasma lipid parameters. Patients had a significantly higher fasting plasma glucose concentration; fasting plasma insulin levels were also higher in patients, although the difference was not significant ( Table 2 ). The insulinogenic index was significantly higher in the control group (Table 2 ). The insulinogenic index of patients who presented initially with ketoacidosis was not different from that of individuals who presented with ketosis alone (4.5 Ϯ 1.6 vs. 4.7 Ϯ 1.1; P ϭ 0.95). During insulin infusion, steady-state plasma insulin concentrations at the last 20 min of step one (SSPI 1 ) and step two (SSPI 2 ) were comparable between the two groups (Table 2) . 
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Insulin-mediated glucose disposal
Mean TGD rate was reduced by 30% in KPD patients (P ϭ 0.018) ( Table 2) . This difference remained significant after adjustment for BMI (P ϭ 0.034). The HOMA-IR was accordingly higher in KPD patients. The product of TGD and insulinogenic index was also markedly reduced in KPD patients compared with control subjects (Table 2) .
Endogenous glucose production
The EGP was significantly higher in patients at baseline (bEGP) and at the end of the first step (rEGP 1 ) of the glucose clamp (Table 2) . During the last step of the clamp, rEGP 2 was 0 in control subjects, whereas it was still positive in four patients, and the difference between the two groups was significant (P ϭ 0.007). The EGP as a function of the plasma insulin level (dose-response curve) is displayed in Fig. 1A . The hepatic insulin resistance index was 33% higher in patients at basal (bEGP ϫ fasting plasma insulin). During both low-dose (rEGP 1 ϫ SSPI 1 ) and highdose (rEGP 2 ϫ SSPI 2 ) insulin infusions, this index remained higher in patients (Table 2) .
NEFA suppression
Basal NEFA concentration was 57% higher in patients compared with control subjects (Table 2) , even after adjustment for BMI (P ϭ 0.024). It remained significantly elevated at the end of the low-dose insulin infusion step (SSNEFA 1 ) and at the borderline significance level at the end of the high-dose insulin infusion step (SS-NEFA 2 ) of the euglycemic clamp (Table  2) . By contrast, the relative decline from baseline was similar between the two groups, whatever the step (in patients and control subjects, respectively: first step 61.5 Ϯ 5.5 vs. 64.9 Ϯ 4.2%, P ϭ 0.7; second step 89.5 Ϯ 1.8 vs. 88.2 Ϯ 1.6%, P ϭ 0.5). Figure 1B presents the plasma NEFA concentration as a function of plasma insulin levels. Insulin resistance index to NEFA disappearance (IR NEFA ) was doubled in patients compared with controls at basal (fasting IR NEFA ) and during the clamp (IR NEFA1 and IR NEFA2 ), with the difference being statistically significant at basal but at borderline significance at the first and second steps (Table 2) .
CONCLUSIONS -Because ketosis is the hallmark of KPD, the role of insulin secretion has been widely studied at onset and in the long-term course of the disease (6,8 -10) . In two among these studies, insulin sensitivity toward glucose metabolism was evaluated using either the euglycemic clamp (6) or the minimal model (10) . Compared with control subjects' values, it was reported to be similar (10) or reduced (6) in patients with or without insulin treatment after they recovered from the acute ketotic episode. We also previously used the intravenous insulin tolerance test to evaluate insulin sensitivity in a larger cohort of KPD patients (8) . We showed that, although markedly impaired during the ketotic phase, insulin sensitivity improved significantly after 6 months of follow-up and almost reached nondiabetic values in patients who became insulin independent but not in patients who still required insulin for metabolic control.
In the present study, to assess various aspects of insulin action in patients with KPD in near-normoglycemic remission, we used a two-step euglycemic-hyperinsulinemic clamp to compare them with matched control subjects with normal glucose tolerance. This allowed us to provide a direct and complete characterization of insulin sensitivity in a phenotype of diabetes that still requires thorough insight for appropriate classification and treatment. The first finding of our study is that despite insulinfree near-normoglycemic remission in subSaharan African adults with KPD, insulinmediated glucose disposal is markedly reduced. This was previously suggested by Banerji et al. (6) in patients with KPD in good metabolic control, either insulin treated or not.
Another important finding is that despite insulin-free near-normoglycemic remission, in the postabsorptive state, patients with KPD display a higher endogenous glucose production rate, which mostly corresponds to hepatic glucose production (18) . This is related to an increased hepatic insulin resistance as evidenced by the higher basal hepatic insulin resistance index (bEGP ϫ fasting plasma insulin). During both low-and high-dose insulin infusions, this index remained higher in patients, indicating that for a given insulin concentration, the suppression of EGP was less marked in them compared with control subjects.
Our last important finding is that at fasting and during the low-dose insulin infusion, plasma NEFA concentrations were higher in patients than in control subjects. This was substantiated by the higher basal adipose insulin resistance index, demonstrating that KPD patients in near-normoglycemic remission display adipose insulin resistance. Of note, increased circulating NEFAs may in turn worsen insulin resistance and the insulin secretion defect. The lack of difference in NEFA response to insulin infusion may be related to the good metabolic control of patients or to the small number of subjects studied. Absolute basal NEFA concentrations seem quite high in our subjects. This may be because we did not use a lipolysis inhibitor during blood sample collection, although higher NEFA levels have been previously reported in black populations (19) .
Reduced muscle glucose uptake and decreased liver and adipose insulin sensitivity have also been reported in Caucasians with type 2 diabetes by Groop et al. (20) and are usually considered as characteristic features of type 2 diabetes (21, 22) . However, in these reports, diabetic patients were hyperglycemic, with mean fasting plasma glucose at 10.5 mmol/l (22) or A1C level averaging 9.6% (20) . In our study, patients were in nearnormoglycemia with mean A1C level at 6.2%. Although all antidiabetic medications, if any, were discontinued many days before the investigation, fasting plasma glucose averaged 6.3 mmol/l and was below the diabetic-defining cutoff of 7 mmol/l in 87% of patients. Thus, this is the first investigation of diabetic patients in a metabolic state close to normoglycemia without insulin treatment. The multiorgan insulin resistance observed in near-normoglycemia suggests that these defects are primary rather than secondary to the diabetic state. We also show that the impairment of insulin sensitivity is associated with a decreased early-phase insulin secretion resulting in a drastically reduced index of ␤-cell function (TGD ϫ insulinogenic index). Indeed, it is now recognized that type 2 diabetes develops when insulin secretion is unable to compensate for insulin resistance (23, 24) .
The fact that patients with KPD display metabolic abnormalities that characterize type 2 diabetes does not explain the ketotic onset or relapses that define KPD.
A genetic defect or an environmental factor making the ␤-cells more susceptible to gluco-and/or lipotoxicity may be a potential factor. To date, no prominent genetic factor has been identified. We recently proposed that an endemic asymptomatic viral infection may be the ketotic precipitating factor in such patients from subSaharan Africa. Among possible candidates, we focused on human herpesvirus-8 (HHV-8). We found a high association between KPD and HHV-8 infection and evidenced that this virus was able to infect human ␤-cells in vitro (25) .
We acknowledge that the small number of subjects may have minimized the role of BMI and/or percent body fat on the insulin sensitivity defects. Indeed, these anthropometric parameters were slightly higher in patients, although not significantly. However, adjustment for BMI or percent body fat did not change the significance of our results. Also, it should be noted that despite the near-normoglycemic state, the higher fasting plasma glucose in patients might have by itself worsened the insulinogenic index (26) .
In conclusion, in the context of nearnormoglycemic remission, we observe insulin resistance at the level of muscle, adipose tissue, and liver. As suggested in reports on the recovery of ␤-cell function after the acute phase of KPD (8, 10) , these findings strongly indicate that KPD is a subtype of type 2 diabetes in which an uncommon factor triggers the ketotic onset or relapses.
